Numerous coil geometries were designed by trial and error, and it was found that the temperature of a levitated liquid iron alloy droplet can be maintained below 1350°C. To produce a lower temperature in levitation melting, the magnetic field should have a large gradient but a low strength. The lower temperatures can be obtained by smaller diameter of bottom turns, more bottom turns in a short distance, better electrical conductivity of coil, smaller separation between top and bottom turns, higher power, larger droplet and better electrical conductivity droplet. »ι* ϊζ» »j* 5>j?
Since 1960, levitation melting technology has been extensively used in studies of gas-metal or slag-metal reactions /9-19/, and molten metal densities /20,21/ for liquid iron alloys because it has the advantage of no ceramic contact. However, due to the lower electrical conductivity of molten iron based alloys, there have been problems with temperature control, which result in a near absence of experimental studies at lower temperatures for iron alloys as seen in Table 1 .
Recently, a cold crucible method /22,23/ was applied with levitation melting for pouring a molten charge, where the temperature can be below the melting point of the iron based metal. But this method is difficult for the purpose of metallurgical reaction studies because the cold crucible would affect the reaction gas flow around the liquid sphere and the turbulence or spark emission due to the targeted reaction would damage the crucible and prevent a quantitative study. Because experimental levitation investigations were limited to higher temperatures, studies of reaction mechanisms were unable to reproduce many reaction phenomena at lower temperatures as the situations in practical processes, such as direct iron making processes, blast furnace or the scrap melting processes. In recent studies /24-27/, the authors have investigated gas-metal reactions at lower melt temperatures representative of commercial cast iron melting conditions. This necessitated a new approach to levitation coil design. In the present work, numerous coil geometries were designed by trial and error, and it was found that the temperature of a levitated iron alloy droplet can be maintained below 1350°C without using a higher flowrate of cooling carrier gas, such as helium. The temperature of a levitated droplet could be measured to within ±15°C under these conditions. A larger sample is easier to levitate than a smaller sample because the induced current tends to flow between the skin depth of the droplet surface, and the stronger the induced current within the sample, the stronger the magnetic field which produces a greater levitation force. Materials with higher electrical conductivities are easier to levitate because the induced current is strong, and lower temperatures can be reached. For example, at the same levitation condition for a copper sample, the temperature is about 500-800°C, while for an iron sample, the temperature is 1550-1700°C. In order to obtain a stronger levitation force, more turns must be made in a short distance, so the copper tubing was also flattened (-2.5-2. and 3g', i.e., a lower temperature can be obtained by coil c than coil a.
The different shape of the droplet in coil and coil c is believed to be due to the gradients of the levitation forces of the two coils, as seen in Figures 3g and 3g '.
The levitation force of coil a has a gentle slope in the vertical direction compared with the steep one of coil c, which allows a longer vertical axis of the droplet in coil a than in coil c.
In summary, to produce a lower temperature in levitation melting, the magnetic field should have a large gradient but a low strength.
